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INTRODUCTION AND REVIEW OF LITERATURE 
A) Radiology Literature 
B) Histology Literature 
C) Physiology Literature 
D) Statement of Goals of this Study 
A) Radiology Literature 
It has been noted that certain distinctive radiologic 
findings can be demonstrated in the renal vasculature of 
hypertensive patients whose kidneys are studied by either 
in vivo or in vitro arteriography. 
Hodson (1) noted that kidneys from hypertensives 
demonstrate tortuosity of "finer branches of the arterial 
tree," decreased numbers of interlobular vessels, and a 
decreased thickness of the renal cortex. Other authors 
(Greenblatt (2) and Czernobilsky et al (3)) also reported 
these findings. 
Lundquist (Ip, 5, 6) analyzed these changes carefully 
with a sophisticated microngiographic technique, and demon¬ 
strated the following: a decrease in the number of arterioles 
and glomeruli, giving an impression of a decreased vascularity 
of the cortex; thinner than usual interlobular arteries; devi¬ 
ations of interlobular arteries from their normal direction; 
and an increased number of arteriolae rectae verae. 

These findings are on such a small scale as to have 
limited practical value in the analysis of in vivo renal 
arteriograms. However, other authors (Virtama and Niemi 
(7), Meaney e_fc al (8)) noted that changes could be observed 
in larger intrarenal vessels of hypertensive patients. They 
described the following findings: interlobar arteries were 
tortuous and thin; the luminal size of interlobar arteries 
did not diminish peripherally, and there were narrowings 
especially at the origin of the interlobar arteries; subcor¬ 
tical arteries were relatively wide and did not taper in a 
uniform fashion; their direction was often tangential so 
that they formed peculiar arcades. 
However, none of these studies controlled for the extent 
to which these changes might occur in the kidneys of noraio- 
tensive aged patients. Several of the authors (1, 2, 6, 7) 
explicitly state that these changes do occur in aging normo- 
tensives. Meaney et_ ad. (8), on the other hand, studied injec¬ 
tion specimens from thirteen normotensive patients and found 
that all but one had normal-appearing arterial trees; the one 
exception was from a patient with polyarteritis nodosa. 
Thus at worst there is confusion about the presence of 
the above-described changes in kidneys from normotensives, and 
at best there is a lack of clear delineation of the incidence 
and severity of these changes in kidneys from normotensives. 
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It would be important to have such a delineation in order to 
more accurately assess the significance of vascular changes 
in a given renal angiogram, 
B) Histology- Literature 
When one studies the literature concerning histologic 
findings in aging arteries and arterioles, both within and 
without kidneys, one finds that the same vascular changes 
that are seen in hypertension are also seen in normotensive 
aging. Bell (9), Gowdry (10), Heptinstall (11), and Smith 
(12) all state that the vascular changes seen in a kidney 
from a hypertensive patient simply represent an acceleration 
of identical changes which would occur in the same kidney 
were it involved in a normotensive aging process. These 
changes include arteriolosclerosis of the afferent arter¬ 
ioles, and arteriosclerosis of the interlobar, arcuate and 
interlobular arteries. Bell (9) and Smith (12) present their 
data in a very convincing manner, showing an increase in the 
incidence and severity of these changes decade by decade. 
Bell, for example, noted that 100%' of the small intra- 
renal arteries of normotensive patients less than ten years 
old were free of involvement, whereas none of those from 
patients over fifty years old were free of disease. In the 
case of arterioles, 100% of those from patients under ten 
are free of disease, whereas $1% of those from patients over 
eighty are uninvolved. 
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C) Physiology Literature 
Another line of evidence which would lead us to predict 
that radiologically demonstrable vascular changes should 
occur in the kidneys of normotensive aging patients can be 
found in the physiology literature. Miller and Shock (13), 
Lewis and Alwing (ll}.), and Shock (10, 15) demonstrated a 
decrease in functioning of kidneys with age when measured 
by certain parameters. Shock, in summarizing his findings, 
states that 
With increasing age there is a gradual di¬ 
minution in renal function as indicated by 
reduced rats of glomerular filtration, re¬ 
duced effective plasma flow, and a reduction 
in both excretory and resorptive Tm’s. All 
the available evidence, up to the present 
time, indicates that the primary factor in¬ 
volved in the reduction in renal function 
is based on vascular changes, (Cowdry, p. 629). 
Thus, several lines of evidence lead one to anticipate 
that demonstrable vascular changes should be seen radiologi¬ 
cally in the kidneys of a normotensive aging population. 
Furthermore, it is predictable that these changes would be 
identical to the changes seen in vessels of hypertensive 
patients. 
D) Statement of G-oals of this Study 
This study was designed to test this hypothesis. The 
renal vasculature of kidneys from autopsies of normotensive 
patients was examined radiologically to determine whether 
the vascular changes observed in hypertension occur in 
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normotensive subjects; and whether these changes, if present, 
are age related. 
A further goal of the study involved the examination of 
the kidneys histologically in order to clarify the histologic 
basis for any changes seen radiologically. 

MATERIALS AMD METHODS 
A) Techniques Used to Obtain Specimens 
B) Method of Radiologic Evaluation 
C) Method of Histologic Evaluation 
A) Techniques Used to Obtain Specimens 
The results of this study are based on information 
derived from the arterial appearances on radiographs of 
kidneys removed at autopsy and injected with a barium gel 
mixture. 
The study was limited to specimens obtained'from sub¬ 
jects who had never been shown to have a blood pressure 
above 90 mm Hg diastolic and whose clinical history and 
pathologic (including histologic) examination revealed no 
evidence of any form of arteritis, hydronephrosis or arter¬ 
ial embolization, 
S6me patients in this study were dead on arrival at 
the hospital, however, and had had no documented recent 
recordings of blood pressure. Thus the possibility does 
exist that some of these patients may have had hypertension 
that hadn}t been diagnosed clinically. 
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It also must be pointed out that existent in this study 
is the intrinsic bias which exists when one studies an autopsy 
population. That is, it is not necessarily a representative 
sample ox the at-large ambulatory population of normotensive 
patients. This bias cannot be erased, nor can its specific 
effects and implications even be clearly defined. The exis¬ 
tence is simply pointed out. 
The kidneys were removed, from the bodies with perine¬ 
phric fat and the capsule intact in order to minimize leakage 
of injected radiopaque solution over the surface of the kid¬ 
ney. A cannula was then inserted and secured into the renal 
artery or arteries. Kidneys were injected with a modified 
Schlesinger solution, which contained gelatin, monastral red 
dye, and barosperse (16). The addition of formalin to the 
solution just prior to injection caused the solution to harden 
within twenty minutes after injection. 
The solution was injected under a pressure of 20 mm of 
Hg greater than the patients* systolic pressure during life, 
using an apparatus which permitted control of the injection 
pressure by a hand pump and manometer. 
After the injectate had hardened the perinephric fat was 
dissected from the kidney and radiographs were obtained. Ko¬ 
dak mammography film (30-378) was used. Exposures were ob¬ 
tained of 65kV and 300 mAs using a large focal spot. Occas- 
-7- 

ionally the kilovoltage was adjusted upward to as high as 
75 kV, depending on the size of the specimen and the amount 
of vascular filling. Following successful radiographic 
technique, the kidneys were fixed in formalin and sectioned 
for histology. This step, however, was initally overlooked, 
with the result that in approximately thirty percent of the 
cases the histologic evaluation was made by examining the 
sections from the contralateral kidneys which were part of 
the patient’s permanent autopsy record. 
The sections from injected kidneys were taken from an 
area of the kidney where the surface was not scarred. The 
sections were derived from a wedge, two centimeters in width, 
which was cut through the cortex, medulla, and papilla. In 
this way an average of two or three cross-sections of inter¬ 
lobar vessels were included in each section; an average of 
four to six arcuate vessels were included, and several inter¬ 
lobular arteries and afferent arterioles were included. This 
was felt to be a sample of sufficient magnitude as to have a 
high probability of reflecting the general condition of a 
kidney * s vasculature. 
Sections were also taken from, any areas of cortical 
scarring which might exist. The assessment was made as to 
whether the scarring was due to visible lesions in proximal 
vessels, or to other processes having interstitial etiology. 
If the focal scarred areas were felt to be scarred because 
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of primary vascular lesions, the entire kidney was judged 
as being diseased to the extent of that focal area, even 
though other areas of the kidney might appear relatively 
healthy. This event occurred in the case of only one kid¬ 
ney. 
H & E, Masson, and .'SVG stains were used for the histo¬ 
logic evaluation. 
B) Method of Radiologic Evaluation 
Although the technique of injection and the quality of 
the radiograph permitted excellent visualization of the cor¬ 
tical (interlobular) arteries when they were patent, these 
vessels were not included in the analysis of the>films be¬ 
cause, for the most part, they are not discernible in enough 
detail for in vivo study. Thus, the specimens were evaluated 
in the context of vessel changes at the level of size readily 
detectable during in vivo arteriography in man. 
In order to establish standards of normality and abnor¬ 
mality for the interlobar and arcuate arteries, a set of 
definitions and scores was agreed upon by the observers 
with the assumption that the vascular changes expected to 
be seen in association with aging were similar to those seen 
in the hypertensive kidney. The following descriptions were 
thus developed: 
The normal interlobar arteries are evenly 
distributed within the medullary portions of the 
"9- 

kidney and are of uniform luminal size. The 
caliber of the vessels diminishes gradually to 
the arcuate level in the corticomedullary region. 
The coiirse of the arteries varies from straight 
to mildly undulating. The arcuate vessels follow 
a gently curving course to become roughly parallel 
to the corticomedullary junction; then they taper 
gradually into the distal branches, as illustrated 
in Fig. 1. 
With aging, the interlobar arteries assume a 
more constant luminal size as they cours e distally 
toward the cortex, i.e., the tapered appearance is 
lost. In the most distal portion of the inter¬ 
lobar vessels at the level of the arcuate artery, 
the vessel shows a more acute angulation at the 
corticomedullary junction and abruptly decreases 
in luminal size as smaller branches develop. The 
course of the interlobar arteries becomes more tor¬ 
tuous and the lumina slightly irregular. 
On the basis of the above description, three characteris¬ 
tics of the interlobar and arcuate arteries were specifically 
evaluated and assigned a score as follows: 
-10- 

Fig. 1. Injected specimen reveals the pattern described 
in the text for the normal kidney. Note in 
particular the normal appearance of the distal 
interlobar and arcuate arteries. 
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This feature was graded as either nor- Tapering: 
mal (gradually diminishing caliber of the interlobar 
artery as it coursed distally) (Pig. 1) or abnormal 
(constant or minimally decreasing luminal size along 
the length of the interlobar artery) (Pig. 2). 
Arcuate Artery: A grade of 0 was assigned to that 
kidney in which the arcuate arteries conformed to the 
normal standards described above. A score of 1- was 
assigned when the arcuate arteries exhibited some chan¬ 
ges which departed from the normal description, but 
which in general fit more closely to a score of 0. 
When the arcuate arteries manifested changes repre¬ 
senting the description of advanced abnormalities, 
a score of 3+ was assigned. A score of 2+ was given 
when the vessel changes were less severe but yet more 
closely associated with the 3+ level of abnormality. 
These changes are illustrated in Figures 2-1}.. 
Interlobar Artery Tortuosity: An identical 
scoring scheme was applied to the evaluation of the 
course of the interlobar arteries. At a score of 0, 
the vessels followed either a straight or a slightly 
undulating course (Pig. 1), while at a score of 3+> 
marked tortuosity and luminal irregularity of the 
vessels were present (Pig. 2). 
-11- 
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Fig. 2« Example of most advanced type of abnormali¬ 
ties noted in relation to aging. The inter¬ 
lobar arteries fail to taper normally and 
exhibit distal tortuosity. The arcuate art¬ 
eries angle sharply and terminate abruptly; 
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Fig, 30 Marked polar accentuation of vascular change 
is noted in this specimen, particularly in 
the lower pole. Central portion of the kid¬ 
ney reveals less severe changes graded as 1+ 
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t*ig. 4 „ More advanced changes in arcuate arteries, 
scored as 2+, are illustrated. Polar 
changes are somewhat more advanced than 
body of kidney. 
' 
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Each subject was evaluated independently by two obser- 
a 
vers, each_Aradiologist experienced in renal angiography, with¬ 
out knowledge ox the patient's clinical or pathologic diagnosis 
or age. Cases were successively analyzed in a random fashion 
without regard to age grouping. Hospital records and autopsy 
protocol were evaluated in each case to establish that the pat¬ 
ient was normotensive and free of primary renal disease. 
Six age groups of patients were formed. All patients 
under forty years of age were placed in one group and all 
those above eighty years of age were also grouped separately. 
Pour additional groups representing the intervening decades 
were established. The data were analyzed on the basis of a 
bar graph frequency distribution of scores within each age 
group for each of the three described aspects of interlobar 
and arcuate artery appearance as well as by plotting the 
mean scores. 
The extent of observer disagreement was assessed in the 
following manner: The total number of judgments made by both 
observers in each category for each age group was determined. 
The number of observations in which disagreement occurred was 
expressed as a fraction of the total number of observations 
made by both observers in that age group. Disagreement be¬ 
tween the two observers in respect to presence or absence of 
an abnormality was determined separately from disagreement as 
to degree of abnormality assigned. The disagreement was never 
greater than the next highest score, and in cases where there 
was disagreement the higher score was utilized in the tabula¬ 
tion of the data. 
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At this point a system, was devised which would furnish a 
single statement describing the overall angiographic assess¬ 
ment of each kidney’s condition. The purpose of this was to 
obtain a usable vocabulary by which one could compare the 
angiographic impression of a kidney’s condition to the histo¬ 
logic definition of that condition. One could thereby assess 
the clinical applicability of one’s radiologic observations. 
Despite the fact that the interlobar and arcuate arteries were 
initially evaluated independently of each other, it was felt 
to be valid to combine these evaluations into one overall im¬ 
pression since these vessels are of the same genre histologically. 
On the basis of the total number of "plus” scores that 
each kidney was assigned by the three criteria outlined above, 
the kidney was stated to be involved to one of three degrees - 
minimally (0), moderately (1+), or severely (2+). Since in¬ 
terlobar tapering was assigned either a plus or a zero score, 
and since arcuate artery changes and interlobar artery tortu¬ 
osity could each be scored from zero to a potential total 
score of 7- was the limit for a severely diseased kidney. 
Kidneys with a total score of 0, 1+, or 2+ (and hence with at 
least one of the three parameters being scored ss zero) were 
defined as being minimally diseased; those with a total score 
of 34>, !(.+», or were defined as being moderately involved; 
and those with a total score of 6+ or 7+ (and hence with at 




Although four degress of severity had been described for 
arcuate and interlobar arteries when described independently 
of each other, only three degrees of severity were available 
for the assessment of each kidney as a whole* This was be¬ 
cause of the common occurrance of discrepancy by a single 
score between the scores of the two vessels* This erased 
the possibility of being able to divid.e the range between 
minimal involvement and maximal involvement into more than 
one reliable subdivision. 
Bar graphs were constructed as the means for depicting 
the relationship between patients* ages and the radiologic 
impressions of the kidneys. 
C) Method of Histologic Evaluation 
The histologic sections, obtained in the manner previously 
described, were then examined without knowledge of the clinical 
diagnosis, pathologic diagnosis, or age of the patient from 
whom the kidney was derived, and. also without knowledge of the 
radiologic impression that had been obtained for each kidney. 
Assessment, on a scale of zero to 3+* was made for the degree 
of arteriosclerosis of the intrarenal small arteries, viz 
the interlobar, arcuate and interlobular arteriesj and for 
the degree of arteriolosclerosis of arterioles. 
_The ...criteria used for these evaluations were based on 
the standard descriptions of the pathologic changes that 
occur in the respective vessels in hypertension and/or nor- 
motensive aging. (9, 10, 11 12). 
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Eeptinstall describes these changes as follows: 
"Arteries down to arcuate size show arter¬ 
iosclerotic changes that mainly consist of fibrous 
thickening of the intima with luminal reduction. 
There is often fraying and splitting of the inter¬ 
nal elastic lomina, and the media may show some 
increase in thickness in arteries of arcuate size. 
Interlobular arteries show some intimal thick¬ 
ening of a fibroelastic type in which there is re¬ 
duplication of the internal elastic lamina, so that 
many roughly concentric layers of elastic may be 
seen. The medial thickness is difficult to assess, 
but in general this layer shows little change. 
The arterioles may show a hyaline thickening 
of the entire wall that renders it eosinophilic 
and homogeneous. The hyaline change, which often 
includes lipid that is finely dispersed . , 
occurs patchily along the length of the afferent 
arteriole, predominantly in its proximal portion. 
(P. lli-2). 
In each case, a score of zero implied that none of the 
described changes were demonstrable; a score of l4> indicated 
that the changes were demonstrable but minimal in degree; a 
score of 2+ indicated that the changes were demonstrable and 
neither minimal nor maximal in degree; a score of 3+ indicated 
that the changes were present in maximal degree. 
Figures 5-10 demonstrate normal and abnormal examples 
of arteries and arterioles. 
ho attempt was made to group the impressions from the 
two different kinds of vessels into a single histologic 
impression, since the vessels are of a different type, and, 
as Bell and Smith each showed, respond at different rates to 




Fig. 5. Normal intrarenal artery (probably 
interlobar). Lumen is filled with 
radio-opaque gel. Magnification = 20x 
Fig. 6. Abnormal (graded as 2+) intrarenal artery 
(probably arcuate) is seen on right. Artery 
on left is an interlobular artery, also 
abnormal. Magnification = SOx. 
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Fig. 70 Normal interlobular artery as seen 
histologically. Magnification = 200xo 
Fig. 8. Abnormal (graded as 2+) interlobular 
artery. Note reduplication of internal 
elastic lamina and decrease in luminal 









Fig, 90 Normal histological appearance of an 
afferent arteriole. Lumen is filled 
with radio-opaque gel. Magnification = 32Ox, 
Fig, 10, Example of severe (3+) hyalinization 
of the wall of an afferent arteriole. 
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The patients were again grouped by their decade into 
six age groups. Bar graphs were again constructed as the 
means for depicting the relationship between the degree of 
vessel involvement as seen histologically and the increasing 
age of the patients. These bar graphs were then an effective 
tool for visualizing the comparison between the radiologic 
impression of vascular change and the histologic description 





A) Radiologic Findings 
1. Interlobar Artery Tapering 
2. Arcuate Artery Abnormality 
3. Interlobar Artery Tortuosity 
I4.. Cumulative Radiologic Impression 
5. Unusual Features 
6. Association of Abnormalities 
7. Observed Disagreement 
B) Histologic Findings 
1, Intrarenal Arteries 
2. Intrarenal Arterioles 
C) Comparison of Histologic and Radiologic Results 
A) Radiologic Findings 
A total of Si patients met the criteria established for 
inclusion in the study and had technically acceptable speci¬ 
mens and radiographs. Of these, 23 were female and 28 were 
male. In the group under forty years of age, the range was 
from nine to thirty-four years with a mean of twenty-four; 
in the group over eighty years old, the range was from 
eighty to .ninety-seven years with a mean age of eighty-five. 
TABLE I summarizes the features of each group. 
TABLE I 






NUMBER MALES FEMALES 
40 2L|_ 8 s 3 
(9-34) 
40-49 44 8 7 1 
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HUMBER MALES FEMALES 
So-59 55 12 2 10 
60-69 63 10 7 3 
70-79 73 5 3 — 2 
80 
(80-97) 
85 8 4 
TOTAL 51 28 23 
1. Interlobar Artery Tapering 
A clear-cut pattern of abnormal interlobar artery de¬ 
velopment was noted in the analysis of interlobar artery 
tapering. The observations are summarized in Figure 11. 
Tapering was judged to be normal in all specimens derived 
from patients under the age of forty years and abnormal in 
all of those over the age of eighty years. In the three- 
decade group from forty to seventy years of age, only a 
small proportion of the patients exhibited abnormal taper¬ 
ing. Hot until the eighth decade did the majority of pat¬ 
ients shox'J these abnormalities, and then the incidence of 
abnormality was only 60 percent. Ho difference between the 
sexes was noted in the development of this feature. 
2. Arcuate Artery Abnormality 
Tabulation of the results of scoring of arcuate arterial 
abnormalities is presented in Figure 12. It is noted that be¬ 
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In the group of patients under the age of forty, only two 
patients had distinct but mild changes in the arcuate ves¬ 
sels scored as 1 + . These two patients will be discussed at 
a later point. Also, a 47 year old patient with cirrhosis 
and possible hepatorenal syndrome had severe (3+) arcuate 
abnormalities and the only markedly abnormal score in the 
fifth decade. (Pig. 13). This patient will be discussed 
sub s e quently. 
In the sixth and seventh decades, 17 of 22 patients 
had either normal arcuate arteries (grade 0) or minimal 
abnormal changes (1+), 4 kidneys had 2+ scores and only 
1 specimen exhibited advanced abnormalities scored as 3+. 
Within the age group of seventy to seventy-nine years, 
none of the specimens studied were graded as normal; the 
majority revealed 2+ changes. Likewise, in the group of 
kidneys from patients over eighty years of age, no normal 
patterns were noted. In this group, however, the majority 
of specimens were assigned the highest grade of abnormality. 
Again, no sex-related differences were noted. 
3. Interlobar Artery Tortuosity 
Development of tortuosity in the interlobar arteries 
occurs with advancing age and has a frequency distribution 
similar to that described for the development of arcuate 
artery abnormalities. The data for this series of obser¬ 





Fig, 13, Specimen derived from 47 year old 
patient with cirrhosis and possible 
hepatorenal syndrome. Changes are 
far advanced in all categories compared 
to other specimens seen in patient's age 
group. 
. 
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with the exception of the two young patients previously 
mentioned (scored respectively as 1+ and 2*) and the one 
with possible hepatorenal syndrome (scored as 3+), all but 
one exhibited no-tortuosity or luminal irregularity of the 
vessels in the group under fifty years of age. While in 
the arcuate artery appearances, the frequency of more severe 
abnormality (2+ and 3+) became predominant in the eighth de¬ 
cade, the frequency of similar degrees of change in tortuosity 
of interlobar arteries did not appear until after the eighth 
decade. Thus for the three decades between fifty and eighty 
years, 23 of 27 patients had 0 or 1+ scores, the latter 
scores being slightly more frequent. 
In the group of patients over eighty years old, none had 
normal scores, one had a score of 1+ and the remainder were 
evaluated at scores of 2+ or 3+« As in the previous situation, 
no relationship was -noted between the onset or severity of 
arterial tortuosity and sex, 
I4.. Cumulative Radiologic Impression 
Tabulation of results of the system whereby an overall 
radiologic impression of each kidney was obtained is presented 
in Figure 15. 
The scale of this graph is from 0-2+, in association 
with minimal, moderate, or severe involvement as previously 
defined. 
As one would expect, the pattern of this graph is very 
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scorings from which it was derived. In the decade from 70 - 
79, two kidneys were found to he minimally involved, two to 
be moderately involved, and one severely involved. This 
represents a compromise between the arcuate vessels in this 
age group, which showed more serious disease than this sys¬ 
tem indicates, and the interlobar vessels, which showed less 
serious disease. Similar compromises occurred in other de¬ 
cades, but these had no significant effect on the patterns 
already noticed in the gradings of the individual vessels - 
viz overall minimal involvement until the eighth decade, and 
moderate or severe involvement after that. 
5. Unusual Features 
Two unusual features of the'varteriographic patterns are 
noteworthy. As illustrated in Figure 16, several kidneys 
which exhibited definite tortuosity and luminal irregularity 
of the interlobar arteries also manifested sharply circum¬ 
scribed notching of the proximal portions of these vessels 
immediately distal to major bifurcations. These notches 
were noted only in those kidneys which exhibited abnormal 
changes in the other categories and represent an unexpected 
feature of the aging kidney which, occurring in the larger 
size vessels, might be a recognizable feature on the renal 
arteriogram obtained in vivo. Second, the polar regions of 
kidneys exhibiting abnormal vascular appearances frequently 




Fig, 16. Arrow points to one area of notching at 
a proximal bifurcation of an interlobar 
artery. 
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kidney. The assigned scores in these cases were made on the 
b8.sis of changes seen on the central portions of the organ 
representing the greatest bulk of the kidney; the polar 
changes, however, were at least 1 to 2 scores higher 
(Pigs. 3 and l.j.). 
6. Association of Abnoraia1ities 
A total of 19 specimens received normal scores in all 
three of the categories evaluated. Thirty-two specimens 
were abnormal. Of these, only hr had 1 category of abnor¬ 
mality (all arcu3.te artery changes), 12 had 2 categories 
in which abnormalities were noted (all interlobar artery 
tortuosity and arcuate artery abnormality), and 16 were 
abnormal in all 3 categories. These findings are tabulated 
in TABLE II. 
TABLE II 
ASSOCIATION OP ABNORMAL CATEGORIES 
Number of Number of 















7. Ob server Disagreement 
Observer disagreement was assessed as described above. 
The results are summarized in TABLE III. In the youngest 
age group, 48 observations were made said disagreement existed 
in 4 of these. Of these 4* 2 disagreements related to the 
presence or absence of abnormality and 2 related to the de¬ 
gree of abnormality. In the group of patients between forty 
and forty-nine years of age, 4^ observations were made by 
the observers with 6 disagreements occurring; 4 on the presence 
of an abnormality and 2 on the degree of abnormality. In the 
sixth-decade group, 24 disagreements occurred out of 72 obser¬ 
vations. In this case, 10 related to the presence or absence 
of an abnormality and 14 to degree. Sixty observations were 
made in the seventh-decade group with 4 disagreements occur¬ 
ring, all as to the presence of abnormality. In the group of 
specimens representing the seventy to seventy-nine year age 
group, disagreement occurred in 14 of 30 observations, 4 on 
presence of change and 10 relating to degree of change. Forty- 
eight observations were made in the over-eighty-years-of-age 
group with 20 disagreements occurring. Six of these related 
to the existence of abnormality and 14 to degree. It should 
be repeated that disagreement was never by more than the next 
highest score. 
The significance of these data on observer disagreement 












40 48 4 (2,2) - 
40-49 48 6 (4,2) 
50-59 72 24 (10,14) 
60-69 60 4 (4,o) 
70-79 30 14 (4,io) 
80 48 20 (6,14) 
B. Histologic Findings 
Sections were available for i|.& of the $1 patients who 
had met the criteria for inclusion in the study. Three 
sections were not available, including one from a patient 
under forty, and one 'from each of two patients in the 60- 
69 decade. 
1. Intrarenal Arteries 
Tabulation of the results of scoring- of abnormalities 
is presented in Fig. 17 (bar graph). 
Hone of the arteries in the patients over eighty were 
normal, and only one had a score as low as 1+. This finding 
is in agreement with the work of Bell (9). In the decades 
prior to eighty, a steady increase of involvement, as indi¬ 
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This finding is also in agreement with. Bell’s study, although 
he was able to observe this steady increase from the very 
first decs.de. 
Only one kidney from a patient under sixty was given a 
2+ score for arterial abnormality, and this occurred in the 
47 year old patient who was previously noticed radiologically, 
and who died with cirrhosis and acute renal shutdown, presum¬ 
ably hepatorenal syndrome. 
2. Intrarenal Arterioles 
Tabulation of the results of scoring of abnormalities 
is presented in Figure 1? (bar graph), 
hone of the arterioles from patients over 80 had a zero 
score, while five of eight had a 1* score. The other three 
were scored as 2+, and none were maximally diseased. The 
fact that none had a zero score is in disagreement with pre¬ 
vious studies (Bell, Smith) which found that 40 to 50 percent 
of renal arterioles from patients over eighty were free of 
disease. However, the fact that 62 percent of the arterioles 
from patients over 80 in this study had a 1+ score is in 
reasonable agreement with the total number of zero and 1- 
scores found in these studies. And the lack of any maxi¬ 
mally diseased arterioles is in agreement with these studies. 
After the age of fifty, a steady increase in involvement 
(indicated by mean scores) was again found, although the slope 



































I i r 










Bell and Smith, incidently, recorded this steady increase 
after the second decade. 
One maximally diseased arteriolar system was found in 
this study, and this was in the 4-7 year old man previously 
noted. Also, one kidney with 24 arteriolar changes was found 
in a patient under forty. This patient had received a 1+ 
score for her arterial changes, and a zero score on radio¬ 
logical impression, ho reason for this discrepancy can be 
extrapolated from the patient’s clinical or pathological 
record. 
C. Comparison of Histologic and Radiologic Results 
TABLES IV and V summarize the relationships that were 
obtained between the radiologic impressions of the kidneys 
and the changes that were seen histologically in the arteries 
and arterioles. 
The findings inherent in these tabulations will be care¬ 
fully discussed at a later point. Suffice it to say for the 
present that these data indicate that a kidney regarded as 
having minimal changes radiologically has a good change of 
being minimally or mildly involved when examined histologi¬ 
cally; and a kidney regarded as having maximal angiographic 
change has a good change of having its a.rteries seriously 
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DISCUSSION 
A) Discussion of Radiologic and Histologic Results, 
and of Data Comparing the Two Techniques 
B) Discussion of Unusual Features 
C) Clinical Implications 
A) Radiologic and Histologic Findings 
That the angiographically appreciable changes in the 
intrarenal arterial tree usually associated with hypertension 
also occur in the normotensive population free of renal disease 
seems well documented by the evidence resulting from this study. 
The data are clear also that such changes in this population 
do not appear in a linear progression of severity with in¬ 
creasing age, but rather reveal themselves with high incidence 
only in the most advanced years, within or beyond the eighth 
decade. 
With few exceptions, the specimens from patients under 
the age of fifty years were free of abnormality in all of 
the aspects evaluated radiologically. While the spread of 
scores increased somewhat in the decades between fifty and 
seventy years, the mean score remained low and the frequency 
distribution of scores indicated that a preponderance of 
patients had either normal or slightly abnormal patterns. 
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To wit, seventeen of twenty-two specimens from patients be¬ 
tween fifty and seventy years of age had zero to 1- scores 
in the arcuate artery category and twenty-three of twenty- 
seven specimens from patients between fifty and eighty years 
of age were similarly scored in respect to the degree of in¬ 
terlobar artery tortuosity. A similar pattern was also 
noted in the tabulation of data regarding tapering of the 
interlobar arteries. 
Thus, there appears to be a low plateau in the middle 
decades studied in which abnormality has but mild and infre¬ 
quent angiographic expression. 
The frequency distribution and the tabulation of the 
pattern of association of abnormalities illustrates that, 
of the three categories independently evaluated radiograph¬ 
ically, the arcuate artery is the one that most frequently 
and sensitively reveals vascular changes. However, if one 
compares arcuate artery changes to arterial changes as seen 
histologically, one finds that this radiologic criterion 
over-diagnosed eleven specimens, and under-diagnosed ten. 
That is, of forty-eight specimens, twenty-one were mis-dia¬ 
gnosed by tabulation of arcuate artery changes alone - and 
this mis-diagnosis took no pattern. However, if one con¬ 
siders together all the angiographic data, as was done in 
Figure V~>9 one finds 30 mis-diagnoses (TABLE V), but only 
eight of these are over-diagnoses, and only one of these 
is a severe over-diagnosis. The large majority are under- 
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diagnoses, and there is therefore a consistent and predict¬ 
able pattern. 
Thus, radiographic evaluation of the arcuate artery alone 
is too delicate an evaluation, subject to inconsistent errors 
of diagnosis. Radiographic evaluation of the kidneys’ inter¬ 
lobar and arcuate changes as a whole on the other hand, does 
allow for a consistent statement about the efficacy of radio¬ 
logy in predicting histologic changes: viz, minor degrees of 
arterial histologic changes cannot be picked up by angio¬ 
graphy . 
Having thus gained an avenue, even though a negative one, 
by which one can begin discussing some kind of predictable 
relationship between histologic findings and radiologic 
findings, one finds that several further, and much more 
positive, statements can be made about this relationship. 
For instance, one sees from the data in TABLE IV that 
the changes which the arteriograms tended to under-diagnose 
were mostly 1+ arterial changes. Of twenty-nine kidneys 
found to have minimal radiologic changes, twenty-six had 
either a 0 or a 1+ score on histology, 
cases of more significant under-diagnosis in which the 
angiograms showed minimal change and the arteries showed 
2+ histologic change; and there were three other examples 
of under-diagnosis involving the problematic category of 
moderate radiologic involvement. This category will be 




One can thus say that a negative arteriogram, in this study 
had a 90$ chance of reflecting negative or minimal arterial 
changes on histology. (This figure rises to 97$ when assess¬ 
ing its chance of reflecting negative or minor arteriolar 
changes). 
To summarize the points made thus fan about comparisons 
between the two techniques: the cumulative radiologic evalu¬ 
ation of a kidney is not able to pick up minimal arterial 
histologic changes; but when the cumulative radiologic eval¬ 
uation states the presence of absent or minimal change, it is 
highly likely that this is in fact the case histologically as 
well. It is possible although unlikely, however, for the 
radiograph to fail to depict quite significant changes that 
are found to exist histologically. 
These points are all significant, and carry clinical 
applicability. 
When one approaches the comparison between the two 
techniques from the opposite end, viz, that of severe changes, 
one notes that eight of the ten angiographs described as show- 
ii j severe disease reflected at least a 2+ change in the arter¬ 
ies. The reason for the trio cases of over-scoring is not clear. 
One can readily understand the possibility of insta.nc.es in 
which angiography is less sensitive than histology simple by 
considering the nature of the two techniques. 




Kupic and Abrams (17), however, carried out a study 
which pertains to this problem. They describe a young 
patient who died from post-traumatic hemorrhagic shock and 
whose renal angiogram-revealed unusual irregularities of 
the interlobar and arcuate arteries, viz, areas of alter¬ 
nating stenosis and dilation. At post-mortem, gross and 
microscopic examination of the kidneys was negative. 
They then induced hemorrhagic shock in dogs and found 
that these vascular irregularities were indeed inducable by 
the initiation of shock. The etiology of these changes was 
not clarified, although the possibility was raised that they 
were due to active vasoconstriction triggered by renal ischemia. 
Of a total of eight patients in this study with radio- 
logic overdiagnosis (TABLE V), 3 died of shock, and two of 
hemorrhagic shock. These 3 cases of overdiagnosis might 
therefore be explained by the work of Kupic and Abrams. The 
reason for overdiagnosis of the other 5 cases is not known. 
Two of the overdiagnoses were striking (severe: 0 and severe; 
1+). The other three involved the radiologic category of 
moderate involvement; this category will later be shown to 
be a problematic one in other ways as well. 
Nevertheless, one again has a positive and significant 
statement: an angiogram in this study showing severe changes 




Another aspect of this comparison between the two tech¬ 
niques is that while ten kidneys were given maximal scores 
by angiography, only two were given maximal scores for arter¬ 
ial changes, and only one for arteriolar change on histology. 
Thus, while angiography is insensitive to minor degrees of 
histologic change, it is oversensitive to severe, yet not 
maximal, change. That is, angiography has less fine grad¬ 
ations than is possible with histology; and it reaches its 
statement of maximal disease at an earlier point in the 
disease than does histology. This again is not surprising 
when one considers the nature of the two techniques. 
As if to support this point that angiography is capable 
of describing only course gradation of degree of involvement, 
the nine angiographs judged as having moderate changes are 
somewhat more equivocal in their relation to histologic 
findings. Of these nine, three showed 1+ arterial involve¬ 
ment, two showed 2+ arterial involvement, and one showed 3+ 
arterial involvement. Six of the nine, in other words, re¬ 
flected minor or absent disease, and three reflected serious 
disease. This radiologic category, therefore, has poor 
correlation with any consistent histologic statement; and 
it seems from this study as if one should simply attempt to 
devise a radiologic system which would state only the presence 
or absence of involvement. 
This point is reinforced also by the data on observer 
disagreement on radiologic evaluations. It is recalled that 
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of a total of one hundred and fifty-three observations made 
by the two independent observers, thirty-six were disagreed 
upon by one (and in all cases only one) grade. Stated another 
way, if an experienced radiologist evaluates the degree of 
disease in a kidney*s vessel in the manner described in this 
paper he has a one in four chance of disagreeing with another 
experienced radiologist. 
This study indicates, then, that more modest goals in 
describing distinct degrees of involvement by the use of the 
angiographic technique should be aimed at in future work with 
renal angiography. 
The above comparisons between histology and radiology 
referred mostly to the arterial changes as seen on histology. 
One can also compare the radiologic findings with the arter¬ 
iolar changes that were found. 
One finds, by such a comparison, that radiology’s sensi¬ 
tivity to minor degrees of vascular change closely parallels 
arteriolar sensitivity - of twenty-nine minimally involved 
kidneys on radiology, twenty-two had a zero score and six a 
1+ score for arteriolar involvement. The nine moderately 
involved kidneys X'jere given either a 0 or a 1+ score for 
o.rteriolar change. The ten severely involved, kidneys, how¬ 
ever, tended to overdiagnose arteriolar change - three were 
scored 2+, and one 3+J this left six being scored as either 
zero or 1+ in arteriolar involvement. Radiology thus appears 
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to be effective in describing minimal involvement of arter¬ 
ioles, but somewhat over-zealous in describing serious in¬ 
volvement, The clinically important fact remains, however, 
that a kidney seen as having minimal vascular involvement on 
arteriography is highly likely to in fact be minimally dis¬ 
eased histologically, in terms of both arterial and arteriolar 
vessels. A maximally involved kidney on angiography is highly 
likely to have significant arterial disease, but may well not 
have significant arteriolar disease. 
As was previously mentioned, the pattern of histologic 
findings of this study concurs to a reasonable extent with 
those in the larger studies of Bell (9) and Smith (12). 
This concurrence lends encouraging support to the sample 
and findings on which the conclusions of this paper are 
based, 
B) Unusual Features 
The findings of accentuated changes in the polar regions 
of the kidney and of distinct bifurcation notching in the 
proximal portions of the interlobar arteries are two radio- 
logic findings that are worthy of reemphasis. These phen¬ 
omena were easily detectable on many of the abnormal speci¬ 
mens and thus might be sensitive indices of abnormality 




Two patients under forty exhibited significant radio¬ 
logical changes. One was given 1+ scores for his arcuate 
artery and interlobar tortuosity categories* and a negative 
score for interlobar tapering (thus his cumulative radiologic 
impression was that of minimal change); and the other was 
given a 1+ arcuate score* a 2+ score for interlobar tortuo¬ 
sity* and a negative score for interlobar tapering (and thus 
was judged to be moderately diseased in its cumulative score). 
Both of these kidneys were 'given zero scores on histology both 
for arteriolar and arterial changes* and were thus examples of 
varying degrees of radiologic overdiagnosis. Both of these 
patients died of post-traumatic hemorrhagic shock so that* as 
already discussed* their abnormal arteriograms can be explained 
on this basis. 
One patient under fifty showed severe radiological 
changes and this was the forty-seven year old cirrhotic man 
who also showed severe histologic changes. Histologically* 
one would be justified in diagnosing this man, given his 
young age* as having had either hypertension* or diabetes* 
or abnormally accelarated aging* etiology undetermined. His 
clinical record does not support the diagnosis of either 
hypertension or of diabetes. His case remains an enigma. 
Increasing numbers of patients with involvement appear 
in the ensuing decades. For the most part their involvement 
reflected nothing other than their increasing age, in the 
pattern already discussed. 
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G. Clinical Implications 
In terms of clinical implications, this study suggests 
that altered appearances of the intrarenal vessels on arter¬ 
iograms can be assigned a pathologic significance with a 
very high degree of certainty when such findings occur in 
patients not in shock who are under the age of fifty years. 
That is, it is highly unusual to find an abnormal renal 
arteriogram in a healthy young person who is not in hemhorr- 
hagic shock; and it is also highly unusual for any abnormal 
arteriogram to be incorrect and grossly overdiagnostic. 
Also, radiologically normal-appearing vessels have a high 
probability of reflecting the absence of serious pathology. 
In the middle-age group studied, particularly during 
the sixth and seventh decades, interpretation Is made some¬ 
what difficult by the greater spread of scores and by the 
qu.estiona.ble significance of moderate degrees of radiologic 
change. However, markedly advanced vascular change was not 
a feature of these age groups in the nomotensive population, 
and such change can therefore be considered with confidence 
to be an expression of some process other than aging. 
In the most advanced ages studied, notably above eighty 
years, the radiologic appearance of the renal arterial system 
parallel the severity usually associated with advanced hyper¬ 
tensive disease. It therefore would be impossible to ascribe 
a morbid basis to severe angiographic appearances of renal 
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vessels in a person in this age group on the basis of the 
angiographic data alone. Biopsy would be necessary to dis¬ 
tinguish the common 2+ changes of aging from the 3* changes 
of disease. Fortunately, the challenge for diagnostic 
accuracy and the need for precise prognostication are 




Radiologic and histologic changes in the intrarenal 
arterial pattern progressively occur in the noraiotensive 
aging population and are similar in description to those 
seen in hypertension. The changes of aging as seen radio- 
logically, however, occur with high incidence and severity 
only in advanced age groups, within or beyond the eighth 
decade. 
The absence of serious radiologic change of these 
vessels is highly likely to reflect the absence of serious 
histologic disease. The presence of serious radiologic 
change is likely to reflect the presence of some disease; 
but the precise extent of this disease cannot be accurately 
determined from an arteriogram. 
The clinical implication of these data in the evalua¬ 
tion of renal arteriograms is discussed. 
Many of the findings of this study are reported in the 
April, 1969" issue of Radiology, in a paper bearing 
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